A novel pathogen from Asian pears (Pyruspyrifolia Nakai) was analysed by sequencing the 16s rDNA and the adjacent intergenic region, and the data were compared t o related Enterobacteriaceae. The 165 rDNA of the Asian pear pathogen was almost identical with the sequence of Erwinia amylovora, in contrast t o the 165-235 rRNA intergenic transcribed spacer region of both species. A dendrogram was deduced from determined sequences of the spacer regions including those of several related species such as Erwinia amylovora, Enterobacter pyrinus, Pantoea stewartii subsp. stewartii and Escherichia coli. Dendrograms derived from 121 biochemical characteristics including Biotype 100 data placed the Asian pear pathogen close to Erwinia amylovora and more distantly t o other members of the species Erwinia and t o the species Pantoea and Enterobacter. Another DNA relatedness study was performed by DNA hybridizations and estimation of AT, , , values. The Asian pear strains constituted a tight DNA hybridization group (89-100%) and were barely related t o strains of Erwinia amylovora (40-50%) with a AT, , , in the range of 5-2-6.8. The G+C content of DNA from the novel pathogen is 52 mol%. Therefore, it is proposed that strains isolated from Asian pears constitute a new species and the name Erwinia pyrifoliae is suggested; the type strain is strain E~1 6 / 9 6~ (= CFBP 4172T = DSM 121633.
INTRODUCTION
A recently observed necrotic disease of Asian pear fruit trees (Pyrus pyrifolia cv. 'Shingo' and ' Mansamgil ') near Chuncheon in Korea has resulted in isolation and partial characterization of a bacterial pathogen (Rhim et al., 1999) . Symptoms on pear trees in the Korean orchards remotely resembled those of fire blight, but microbiological assays and the absence of the PCR signals expected for the presence of Erwinia amylovora distinguished the novel Erwinia sp. from the fire blight pathogen. The new pathogen was also different from the recently described Korean pear Abbreviations: ITS, intergenic transcribed spacer region; RCS, reducing compounds from sucrose.
The EMBL accession number for the 165 rRNA sequence of Erwinia pyrifoliae strain Ep1196 is AJ009930.
pathogen Enterobacter pyrinus (Chung et al., 1993) especially by its lack of nitrate reduction and for growth at high temperature, as well as acid production in the presence of aesculin or cellobiose (Rhim et al., 1 999) . The purpose of this work was the differentiation of the novel pathogen from Erwinia amylovora, Pantoea and Enterobacter by using DNA sequence analysis of the 16s rDNA and the adjacent intergenic transcribed spacer region, by numerical analysis of phenotypical characteristics, DNA-DNA hybridization and the G + C content. Our findings resulted in the description of a new species 1 Erwinia pyrifoliae.
METHODS
Strains. The strains investigated in the experiments and used for differentiation are listed in Tables 1 and 2 . They were used under authorities mentioned in Young et al. (1996) . We 00919 0 1999 IUMS assayed four strains isolated from Pyrus pyrifolia, the type strain of Erwinia arnylovora, and 20 type strains of phytopathogenic and saprophytic Erwinia, Pantoea and Enterobacter sp. for constructing a dendrogram. Nucleotide sequencing. The 16s rRNA genes and the 16s-23s rRNA intergenic transcribed spacer region (ITS) were cloned with consensus primers into vector pGEM-T (Promega) and pBluescript KS, respectively. The primers for PCR amplification were for 16s rDNA fd2 ( 5' AGA GTT TGA TCA TGG CTC AG) and rP1 (5' ACG GTT ACC TTG TTA CGA CTT) (Weisburg et al., 1991) and for the ITS PIGL (5' GCG CGC GTCGAC ACC TGC GGT TGG AAC ACC) and PIGR (5' GCG CGC TCTAGA CAC CGT GTA CGC TTA GTC). They were synthesized with Beckman Oligo lOOOM DNA Synthesizer. PCR cloning of ITS was done with pfu DNA polymerase and primers with SalI and XbaI restriction sites (underlined) and three GC oligonucleotide pairs. PCR was performed in 50 ml containing 30 pmol each primer, 3 U cloned pfu DNA polymerase (Stratagene), 10 ng isolated DNA or 10000 cells, and 20mM dATP, dCTP, dGTP and dTTP (Boehringer Mannheim) in the 10 x buffer provided by Stratagene. Amplification was carried out in an Eppendorf mastercycler 5330 in 30 cycles. Denaturation was done at 94 "C (in the first cycle for 45 s and in subsequent cycle for 30 s) and 45 s at 52 "C for annealing followed by 2min at 72 "C for polymerization. For cloning, the PCR product was eluted from a 1.0% ultrapure agarose gel, digested with SaZI and XbaI and ligated into the vector pBluescript KS. The insertions were repeatedly sequenced with an automatic sequencer (ALF ; Pharmacia). Biochemical and physiological tests. Assimilation of 99 carbohydrates, organic acids and amino acids was studied using Biotype 100 strips (bioMirieux) which were incubated at 28 "C; the growth was recorded after 4 and 6 d incubation. Twenty-two additional tests were also performed. Acid production from lactose, methyl a-glucoside, melibiose, DNA-DNA hybridization and thermal stability. Extraction and purification of DNA were performed with previously described methods (Brenner et al., 1982) . Native DNAs were labelled in vitro by using the Megaprime DNA-labelling system (Amersham International). DNA-DNA hybridization experiments were done with labelled DNA from Erwinia pyr$oliae E~1 6 / 9 6~ (CFBP 4172T) at a temperature of 65 "C for reassociation. The S1 nuclease-TCA method was used for hybridization (Brenner et ul., 1982; Crosa et al., 1973) .
The temperature at which 50 % of reassociated DNA became hydrolysable by enzyme S, (T,) was determined by the method of Crosa et al. (1973) . The AT, is the difference (Marmur & Doty, 1962) and was calculated with the equation of Owen & Lapage (1976) .
RESULTS

Characterization of Erwinia pyrifoliae by sequencing of the 16s rDNA and the adjacent ITS
Analogous to characterization of the 16s rDNA sequence of Erwinia amylovora (Bereswill et al., 1995) , we amplified the corresponding sequence of Erwinia pyrqoliae with consensus primers. Cleavage of the amplification product with restriction enzyme Hue111 produced identical DNA fragments for both organisms, but different fragments in comparison to
Enterobacter pyrinus and Pantoea stewartii subsp. stewartii (data not shown). To further analyse the 16s rDNA sequences of Erwinia pyrfoliae, Enterobacter pyrinus and Pantoea stewartii subsp. stewartii on the nucleotide level, the amplified fragments were cloned into vector pGEM-T. The 16s rDNA of Erwinia amylovora was previously sequenced (Bereswill et al., 1995; Kwon et al., 1997) , but for confirmation the 1.4 kb DNA fragment was cloned again from strain Ea1/79, and sequenced several times to confirm the corrected nucleotide sequence. When the 16s rDNA sequence of Ep1/96 and those of related bacteria were compared, the Erwinia pyrfoliae sequence was more than 99 YO homologous to Erwinia amylovora Ea1/79 and 97% homologous to Pantoea stewartii subsp. stewartii DC283 and decreased for other erwiniae ( Table 2 ). This correlation of identical residues assigned Erwinia pyrfoliae to be closely related to Erwinia amylovora, but more distinct from Enterobacter pyrinus and Pantoea stewartii subsp. stewartii. Additional nucleotide sequences were obtained from published data, which were also used for comparison with the 16s rDNA of Erwiniapyrifoliae. A gradient of relatedness is shown in Table 2 based on the number of nucleotide differences.
Comparison of the intergenic regions
We have also investigated the DNA sequence of the 16s rDNA-23s rDNA intergenic transcribed spacer (ITS) region. This sequence is more variable among bacteria and has widely been used for differentiation (Zavaleta et al., 1996) . The consensus primers PIGL and PIGR were used to amplify the intergenic region from Erwinia pyrifoliae strain Epl/96, Erwinia amylovora strain Eal/79, Enterobacter pyrinus strain 90.2T, Pantoea stewartii subsp. stewartii strain DC283 and the Escherichia coli K-12 strain DH5a. The DNA sequences of these organisms were significantly divergent, not only between Erwinia pyrifoliae, Erwinia amylovora and Enterobacter pyrinus (Fig. l) , but also to Pantoea stewartii subsp. stewartii and Escherichia coli with 86, 74, 81 and 75% identical residues, respectively. All ITSs in the sequence alignment showed a single copy of the gene for tRNAG1". The DNA adjacent to the tRNAG1" genes of Erwinia pyrifoliae and Erwinia amylovora was most divergent (Fig. 1) . When the determined ITS sequences and additional sequences from nucleotide databases were applied to calculate species relatedness, the dendrogram (Fig. 2) showed a remarkable evolutionary distance of Erwinia pyrifoliae and Erwinia amylovora. Erwinia pyrifoliae sp. nov. from Pyrus pyrifolia Nakai
3.
Phenon Taxon isolated strains were observed. The distribution of strains in the different phena and isolated strains is shown in Fig. 3 
DNA base composition and relatedness
Erwiniapyrifoliae E~1 6 / 9 6~ (CFBP 4172*) had a DNA G + C content of 52 mo1Y0, Erwinia amylovora 54 mol YO and Erwinia mallotivora 50 mol %. The strains of Erwinia pyrifoliae were 89-100% related to the strain CFBP 4172T. The three strains of Erwinia amylovora including the type strain CFBP 1232 were 40-52% related to Erwinia pyrifoliae strain CFBP 4172T. The ATm values were in the range of 5-2-68. Thus, the strains isolated from Pyrus pyrifolia constituted a single DNA hybridization group. Growth in presence of: 
DISCUSSION
Strains of the Asian pear pathogen Erwinia pyrifoliae are related to each other but distinct from Erwinia amylovora. A high similarity to the fire blight pathogen was based on the 16s rRNA sequences. The sequence of the ITS showed discordance for the two species. This result matches that of Leblond-Bourget et al. (1996) , whereby evolutionary divergence of the ITS is much greater than that of 16s rRNA. In a sequence comparison of the ITS from eight Erwinia amylovora strains, which were isolated from different geographic origins, all strains showed a complete sequence homology (W.-s. Kim & K. Geider, unpublished). On the other hand, Erwinia pyrifoliae is quite divergent from Erwinia amylovora in its ITS sequence, including nucleotide changes in the tRNAG'" ORF. This tRNA gene between the 16s and 23s rRNA has also been used for differentiation (Loughney et al., 1982) . All species investigated here had one tRNAG1" gene. Erwinia pyrifoliae differs in that region from Erwinia amylovora and from Enterobacter pyrinus by one additional and nine different nucleotides (Fig. 1 ).
This ambiguous relation of Erwinia pyrifoliae and Erwinia amylovora was already observed by the first characterization of the Asian pear pathogen (Rhim et al., 1999) . It produces necrotic symptoms resembling fire blight, although the bark tissue is still greenish below the black-brown surface in contrast to the red-brown colour in case of fire blight. Plating on MM2Cu agar (Bereswill et al., 1997) gave a mucoid colony morphology as for Erwinia amylovora, but of a slightly yellow colour. Microbiological assays were overlapping in part or divergent for others. PCR assays with plasmid primers (Bereswill et al., 1992) or from the ams region (Bereswill et al., 1995) were negative for Erwiniapyrifoliae, which lacks the plasmid of 29 kb common to Erwinia amylovora (Falkenstein et al., 1988) .
Strains isolated from necrotic branches of Pyrus pyrifolia constituted a discrete DNA genomic group (genomospecies) with the type strain Ep 1 6/96T (CFBP 4172T), since they were 89-100 % related to each other. The strains of Erwinia amylovora, including the type strain CFBP 1232, are 40-52% related to the type strain of Erwinia pyrifoliae with a ATm above 5 "C (5.2-6.8 "C). Presently, the molecular definition of bacterial species is applied to strains which are about 70 % related, with ATm values that do not exceed 5 "C. Thus, the bacteria associated with necrosis of Asian pear trees (Nashi) are four members of one new species.
A numerical taxonomy study of the Asian pear pathogen was related to 25 phytopathogenic Erwinia, Pantoea and Enterobacter strains including type strain of each species and the four strains pathogenic to Pyrus pyrifolia that were characterized by using Biotype 100 strips and 22 additional tests. The pathogen was isolated from necrotic symptoms of leaves and branches of Pyrus pyrifolia cv. ' Shingo '. It is closely related to the fire blight pathogen Erwinia amylovora for the DNA sequence of the 16s rDNA, but distantly for its intergenic transcribed spacer region (ITS). It does not contain plasmid pEA29 (Rhim et al., 1999) . The G + C content of the genomic DNA is 52 mol %. The type strain ( E~1 6 / 9 6~) has been deposited in the Collection Franqaise des Bactkries Phytopathogenes as CFBP 41 72T and the Deutsche Sammlung von Mikroorganismen und Zellkulturen as DSM 12 1 63T. Additional strains deposited are Ep8/95 (= DSM 12393), Ep1/96 (= CFBP4171 = DSM 12162), Ep28/96 (= CFBP 4173), Ep31/96 (=CFBP 4174) and Ep4/97 ( = D S M 12394).
